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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a secondary battery with little deterioration in 
characteristics, even at high temperature storage b y using a mono layer lithium - containing 
composite nitride having hexagonal system crystal structure as the negative active material. 
SOLUTION: A lithium - containing composite nitride represented by formula, Li3-XMXN is 
used as a negative active material. In the formula, M represents and least one transition 
element selected from among the group comprising Ti, V, Cr, Mn, Fe, Co, Ni, and Cu, and X 
represents a real number indicated by 0.1<X&ominus;0.8. A nitride containing no lithium oxide 
and lithium hydroxide, which are impurities, is preferred. The nitride synthesized by having at 
least one kind of an alloy of lithium and the transition element M and an intermetallic 
compound of lithium and the transition element M react with nitrogen is referred. By raising 
the purity of the composite nitride, deterioration of battery chara cteristics_a Lhiah tomporatuca. 
storage times can be retarded. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lithium ion conductivity electrolyte made to intervene between a positive electrode, a negative electrode, and two electrodes 
is provided, the active material of the aforementioned negative electrode -- general formula Li3-XMXN (the inside M of a formula -- Ti 
and V --) A kind of transition element chosen from the group which consists of Cr, Mn, Fe, Co, nickel, and Cu is expressed at least, the real 
number X is indicated to be in 0.1<=X<=0.8 -- expressing ~ the lithium secondary battery which is expressed, and has the hexagonal 
crystal structure and is characterized by being the lithium content compound nitride of a single phase 

[Claim 2] The aforementioned lithium content compound nitride is the alloy of a lithium and a transition element M, and the lithium 
secondary battery of the intermetallic compound of a lithium and a transition element M according to claim 1 which a kind is made to react 
with nitrogen and compounds it at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This inventions are a lithium secondary battery and a thing especially about the negative 

electrode. 

[0002] 

[Description of the Prior Art] The lithium secondary battery which uses a lithium or a lithium compound as a negative electrode has high- 
energy density by the high voltage. Many researches are done aiming at the further improvement in a performance of this cell. The oxide 
and chalcogen compounds of transition metals, such as LiCo02, LiMn 204, LiFe02 and LiNi02, V205, Cr205, Mn02 and TiS2, and 
MoS2, are proposed as a positive active material of a nonaqueous electrolyte rechargeable battery until now. On the other hand, various 
material is examined also about a negative electrode and the carbon material, the aluminium alloy, etc. are put in practical use as a 
negative- electrode active material of a practical use cell. The negative-electrode material which shows high performance most and is used 
widely now is a carbon material. However, this material has the problem that the rate of the occupied volume inside a cell becomes large 
since specific gravity is small as compared with positive-electrode material. Moreover, since it is already put in practical use by the 
capacity near geometric capacity, it is difficult to attain still larger high-energy density-ization using this negative-electrode material. High- 
capacity-izing or densifi cation of negative-electrode active material material is indispensable to high-capacity-izing of a future cell. 
[0003] On the other hand, the lithium content compound nitride expressed with general formula Li3-XMXN (a kind of transition element 
chosen from Ti, V, Cr, Mn, Fe, Co, nickel, and Cu and X at least show the real number shown in 0.1<=X<=0.8 as for the inside M of a 
formula) has the high capacity far exceeding a carbon material as a negative-electrode active material material for lithium secondary 
batteries, and is the material which can expect high capacity-ization of a cell. However, since the potential as a negative electrode of a 
lithium secondary battery becomes more than 1.5V and a cell voltage falls, it is not desirable at X= 0.8. Insertion and desorption of a 
reversible lithium are electrochemically possible for this lithium content compound nitride in a lithium ion conductivity electrolyte, and it 
has the reversible capacitance (M is 700 or more mAh/g by composition of X= 0.4 at Co) far exceeding the low average charge and 
discharge voltage and the carbon material not more than IV. Therefore, it thinks as one of the material promising as a negative-electrode 
active material material for lithium secondary batteries. Conventionally, this lithium content compound nitride mixed transition element 
powder or the nitride powder of a transition element to the lithium nitride which the metal lithium was made to react with nitrogen and 
compounded it, and was compounded by heat-treating in nitrogen atmosphere. 
[0004] 

[Problem(s) to be Solved by the Invention] Although property sufficient in initial capacity or a cycle property was acquired when a cell was 
produced using the above-mentioned conventional lithium content compound nitride, in elevated-temperature preservation of 45 degrees C 
or more, it had the fault that big degradation of a cell property took place. This fault is produced even when a cell is produced at elevated - 
temperature preservation degradation using material with little influence to a positive electrode, the electrolytic solution, and other cell 
composition members. That is, it is thought that main this problem causes degradation of a lithium content nitride. It is necessary to fully 
take into consideration using it for a long time in a 45 degrees C - about 60 degrees C temperature environment, or being exposed to the 
temperature of 80 degrees C or more temporarily as a service condition of a cell, and degradation of the cell property which happens in that 
case poses a practical big problem, this invention solves such a conventional technical problem, and aims at offering a lithium secondary 
battery with little degradation of a property at the time of elevated- temperature preservation. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem the lithium secondary battery of this invention as 
a negative-electrode active material - general formula Li3-XMXN (it Cr(s) the inside M of a formula -- Ti and V --) the real number as 
which express at least a kind of transition element chosen from the group which consists of Mn, Fe, Co, nickel, and Cu, and X is indicated 
to be in 0.1<=X<=O.8 - expressing — it is expressed, and has the hexagonal crystal structure, and the lithium content compound nitride of a 
single phase is used Moreover, a kind is used as a raw material at least, and the thing of the intermetallic compound of the alloy of a lithium 
and a transition element M and a lithium, and a transition element M which was made to carry out the direct reaction of this and the 
nitrogen, and compounded them is used for a lithium content compound nitride. 
[0006] 

[Embodiments of the Invention] this invention is expressed with above general formula Li3-XMXN as a negative-electrode active material 
in the lithium secondary battery which made the lithium ion conductivity electrolyte intervene between a positive electrode and a negative 
electrode, and has the hexagonal crystal structure, and the lithium content compound nitride which is a single phase is used for it. What 
does not contain especially the lithium oxide which is an impurity, and a lithium hydroxide in a negative-electrode active material is 
desirable. Moreover, the lithium content compound nitride expressed with general formula Li3-XMXN of the alloy of a lithium and a 
transition element M and the intermetallic compound of a lithium and a transition element M which used a kind as the start raw material at 
least, and this was made to react with nitrogen, and compounded is used for this invention as a negative-electrode active material. 
[0007] In the lithium secondary battery using the lithium compound nitride compounded by the conventional method as a negative- 
electrode active material, a problem is in a preservation property, especially large property degradation had arisen at the time of elevated- 
temperature preservation. It is thought that this property degradation is the causes with main existence of the impurity contained in Li3- 
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XMXN which is a negative-electrode active material. For this reason, degradation of the cell property at the time of elevated- temperature 
preservation can be suppressed by having the hexagonal crystal structure and using the lithium content compound nitride which is a single 
phase as a negative-electrode active material. 

[0008] Moreover, in the conventional synthesis method of Li3-XMXN, since reaction temperature was high, it was in the state where side 
reaction tends to occur. That is, by this method, since it was easy to be influenced of sublimation by the lithium, control of composition 
became difficult, and impurities, such as an unreacted object of a minute amount and a side reaction product, were mixing into the 
compound negative-electrode active material. Since the amount by which this impurity is contained in practice in an active material was a 
slight amount, detecting in an X-ray diffraction method was an amount with it it is difficult and difficult [ to also remove or refine ] after 
composition. Therefore, in order to achieve high grade-ization of Li3-XMXN, it becomes possible by compounding a lithium compound 
nitride by the synthetic method of using the intermetallic compound of the alloy of a lithium and a transition element M or a lithium, and a 
transition element M as a start raw material, and using this compound nitride for a negative-electrode active material a cell property and to 
improve an elevated-temperature preservation property sharply especially. 
[0009] 

[Example] Hereafter, the example of this invention is explained in detail. 

«example 1» this example explains the example which used cobalt as a transition element M, All the working strokes of the processing 
after the material composition in this example and cell production were performed in nitrogen atmosphere. Moreover, the moisture content 
in atmosphere was -60 degrees C of dew-points, and oxygen tension was 50 ppm. The lithium-cobalt compound nitride was compounded as 
follows. First, the lithium-cobalt alloy of a predetermined composition ratio is put into a copper container, and it held at 300 degrees C for 
24 hours, and was made to react with nitrogen among nitrogen atmosphere. The compound of the obtained black ash color was ground after 
the reaction, and lithium-cobalt compound nitride powder was obtained. 

[0010] About the lithium-cobalt ratio, it compounded by the mole ratio shown in Table 1. When each compound sample was measured by 
powder X-ray diffractometry, it was checked that each crystal system serves as the same hexagonal single phase as a lithium nitride (Li3N). 
Moreover, the component analysis was performed and it was checked that the lithium-cobalt compound nitride is compoundable. The result 
is shown in Table 1 . 



[0011] 
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[0012] Moreover, the lithium-cobalt compound nitride was compounded as a conventional example, using a lithium nitride (Li3N) and 
cobalt powder as a start raw material. First, the lithium nitride and cobalt powder of a predetermined composition ratio are put into a copper 
container, and it held for 8 hours and was made to react at 700 degrees C among nitrogen atmosphere. The compound of the obtained black 
ash color was ground after the reaction, and lithium-cobalt compound nitride powder was obtained. About the lithium- cobalt ratio, it 
compounded by the mole ratio shown in Table 2. When each compound sample was measured by powder X-ray diffractometry, in no 
crystal system, the same diffraction peak by the impurity as a lithium nitride (Li3N) although it is hexagonal has appeared, and the single 
phase had become. Moreover, the component analysis was performed and it was checked that the lithium-cobalt compound nitride is 
compoundable. The result is shown in Table 2. 
[0013] 
[Table 2] 
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[0014] Then, the coin type cell of 2016 sizes which used the metal lithium for the counter electrode was produced using each sample 
compounded by the above-mentioned method, and the property was evaluated. The coin type cell produced the plate as follows first. The 
poly ethylene tetrafluoride powder as lithium-cobalt compound nitride powder, the end of a carbon powder, and a binder was mixed and 
kneaded at a rate of the weight ratio 100:25:5. After fully kneading, this mixture was rolled out in the shape of a sheet, this was pierced 
with a diameter of 13.0mm in the shape of a disk, and it considered as the plate. At that time, the weight of a plate adjusted thickness so 
that it might be set to 35 mg. 

[0015] The coin type cell of the structure shown in drawing 1 using the plate produced by the above-mentioned method was produced. This 
cell was produced in the following procedures. First, it was stuck to the charge collector 6 which formed the above-mentioned plate 5 in the 
case 4 beforehand by pressure, and the separator 3 which consists of a porosity polyethylene sheet was installed on it. Next, the electrolytic 
solution which dissolved the 6 fluoride [ phosphoric-acid ] lithium in the solvent which mixed ethylene carbonate and diethyl carbonate at a 
rate of a volume ratio 1: 1 by the concentration of 1M was poured in in the case. Subsequently, the lithium metal 2 was stuck to the inside 
by pressure, the obturation board 1 which equipped the periphery section with the obturation ring 7 was combined with the case 4, caulking 
obturation was carried out with the press machine, and the coin type cell was produced. About the cell produced as mentioned above, 
constant-current charge and discharge were performed in current density 0.5 mA/cm2 and the voltage ranges 0.1 V-1.5V, and the property 
was evaluated. The service capacity of a two-cycle eye is shown in Table 3. 



[0016] 
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[0017] In nitride Li2.95CoO.05N and Li2.1Co0.9N, the property that capacity is small and desirable was acquired by neither the synthesis 
method of an example, nor the conventional synthesis method so that clearly from Table 3. Therefore, in Li3-XCoXN, it became clear that 
the active material of the property excellent in composition of 0.1<=X<=0.8 out of range cannot be obtained. 

[0018] then, X= 0.1 compounded by the synthesis method of an example, and the conventional method, 0.3, and 0. -- each sample of 4 and 
0.5.0.8 was made into the negative-electrode active material, the coin type cell using the cobalt acid lithium as a positive active material 
was produced, and the property was evaluated On the occasion of production of these coin type cells, what performed ** lithiation 
processing for the negative-electrode board produced beforehand electrochemically was used. This is because it is necessary to carry out ** 
lithiation processing of a positive electrode or a negative electrode (chemical conversion) beforehand, when producing the cell which 
combined LiCo02 of a positive active material with the lithium content compound nitride expressed with formula Li3-XMXN of a 
negative-electrode active material. In this example, what carried out electrochemical ** lithium processing (chemical conversion) to the 
negative-electrode active material was used. The chemical conversion constituted the electrochemical cell which used the metal lithium for 
the counter electrode, and performed it by making it oxidize to upper limit voltage 1.5 V by the constant current of current density 0.5 
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mA/cm2. 

[0019] Next, the positive electrode which makes a cobalt acid lithium an active material was produced. This positive electrode mixes the 
poly ethylene tetrafluoride powder as a cobalt acid lithium, the end of a carbon powder, and a binder at a rate of the weight ratio 100:5:5, is 
fully kneaded, rolls out the obtained mixture in the shape of a sheet, and pierces this with a diameter of 12.5mm in the shape of a disk. 
Since negative-electrode capacity therefore changed to the amount X of cobalt substitution, each cell adjusted the weight of a positive- 
electrode board. Specifically, by X= 0.1, by lOOmg and X= 0.3, it could be as 170mg in 180mg and X= 0.5, and could be [ X= 0.8 ] 90mg 
170mg and X= 0.4. 

[0020] The coin type cell of the structure shown in drawing 2 using positive and the negative-electrode board which were produced by the 
above-mentioned method was produced. The production procedure of this cell is as follows. First, the positive electrode 15 was stuck to the 
charge collector 16 joined to the case 14 by pressure. Then, the separator 13 which consists of a porosity polyethylene sheet was installed 
on the positive electrode 15, and the electrolytic solution which dissolved the 6 fluoride [ phosphoric-acid ] lithium in the solvent which 
mixed ethylene carbonate and diethyl carbonate at a rate of a volume ratio 1:1 by the concentration of 1M was poured in in the case 14. The 
negative electrode [ finishing / the above-mentioned chemical conversion ] 12 was stuck to the charge collector 18 of an inside by pressure, 
the obturation board 1 1 which installed the obturation ring 17 in the periphery section was combined with the case 14, caulking obturation 
was carried out using the press obturation machine, and the coin type cell was produced, 

[0021] About the cell produced as mentioned above, constant-current charge and discharge were performed in current density 0.5 mA/cm2 
and the voltage ranges 0.1 V-1.5V, and the property of each cell was evaluated, charge and discharge after saving for three days to the 
temperature of 85 degrees C in Table 4 in the state of the service capacity of the two-cycle eye of each cell, and charge - a two-cycle 
repeat - ****** ~ having had - service capacity and the capacity maintenance factor to before preservation are shown 
P022] 
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[0023] The result shown in Table 4 shows that the elevated-temperature preservation property of the cell which used the lithium cobalt 
compound nitride of an example for the negative-electrode active material improves more sharply than the thing using the conventional 
negative-electrode active material. 

[0024] «example 2» this example explains the case where X is set to 0.4, using each element of Ti, V, Cr, Mn, Fe, nickel, and Cu as a 
transition element M of Li3-XMXN used as a negative-electrode active material. The negative- electrode active material used by this 
example was compounded as follows. First, the end of a lithium-M (M is Ti, V, Cr, Mn, Fe, nickel, and Cu) alloy powder which is 2.6/0.4 
is put into a copper container, and the mole ratio of Li/M held at 300 degrees C for 24 hours, and made it react with nitrogen among 
nitrogen atmosphere. The compound of the obtained black ash color was ground after the reaction, and lithium-M compound nitride 
powder was obtained. It was checked that each of each compound samples serves as a single phase by powder X-ray diffractometry. 
Moreover, as a result of performing a component analysis, it was checked that the nitride of Li2.6Ti0.4N, Li2.6V0.4N, Li2.6CrO.4N, 
Li2.6Mn0.4N, Li2.6Fe0.4N, Li2.6nickel0.4N, and Li2.6Cu0.4N is compounded. 

[0025] Moreover, for comparison, the lithium-M compound nitride was compounded by having used the conventional synthesis method, 
i.e., the powder of a lithium nitride (Li3N) and Metal M, as the start raw material, and the coin type cell was produced using this. In 
composition of this nitride, using the powder of the various metals M (M:Ti, V, Cr, Mn, Fe, nickel, Cu), except that the composition 
considered as 2.6/0.4 by the mole ratio of Li/M, it was presupposed that it is the same as that of what is depended on the conventional 
method of an example 1 . 

[0026] The coin type cell using the metal lithium was produced like the example 1 using the lithium-M compound nitride compounded as 
mentioned above, and the property was evaluated. The result showed a capacity almost equivalent to the case where the cobalt of an 
example 1 is used, even when which metal was used. In addition, even when which transition element of Ti, V, Cr, Mn, Fe, nickel, and Cu 
was used, the active material of the property which was excellent in composition of 0,1<=X<=0.8 out of range in Li3-XMXN (a kind of 
metal chosen from the metal group of Ti, V, Cr, Mn, Fe, nickel, and Cu is shown at least by the inside M of a formula) like the case where 
Co is used was not able to be obtained. 

[0027] Next, the coin type cell which makes a cobalt acid lithium a positive active material, and is shown in drawing 2 by making each 
lithium compound nitride into a negative- electrode active material was produced, and the property was evaluated. The positive electrode 
and the negative electrode were produced by the same method as an example 1. The negative electrode was set to 35mg and it was made, as 
for a plate weight, for a positive electrode to be set to 180mg in any case. It saves for three days at 85 degrees C in the state of the service 
capacity of the two-cycle eye of each cell, and charge, and a capacity maintenance factor [ as opposed to before two-cycle repeat 
********** service capacity and preservation for charge and discharge ] is shown in Table 5 the back. 
[0028] 
[Table 5] 
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[0029] Also in the cell using the lithium-M compound nitride (M is Ti, V, Cr, Mn, Fe, nickel, and Cu) as a negative-electrode active 
material as shown in Table 5 By the cell which used the lithium-M compound nitride of this invention for the negative-electrode active 
material, it turns out that the thing using the conventional negative-electrode active material is excelled in the capacity maintenance factor 
after preservation, and an elevated- temperature preservation property improves sharply like the case where a lithium-cobalt compound 
nitride is used. 

[0030] In addition, in the above-mentioned example, although [ the Li/M mole ratio of a lithium-M alloy ] it is the same as the composition 
of a nitride made into the purpose, it is desirable to suppose that it is the same as the composition of a nitride made into the purpose like an 
example, or to carry out to an overlithium (for an excessive amount to be 15% or less). Moreover, in an example, although reaction 
temperature was made into 300 degrees C, the temperature of 20 degrees C or more and 600 degrees C or less within the limits is desirable 
about reaction temperature practically. Reaction temperature of a reaction rate is late at less than 20 degrees C, and this is because change 
of composition by sublimation of a lithium is large at the temperature exceeding 600 degrees C. Moreover, in an example, although 
reaction time was made into 24 hours, when sublimation of a reaction rate and a lithium etc. is taken into consideration, it is desirable that 
they are 6 hours or more and 50 hours or less. Moreover, in an example, although atmosphere of a reaction was made into nitrogen 
atmosphere, you may be among a mixed atmosphere of inert gas and nitrogen, and a mixed atmosphere of hydrogen and nitrogen. 
However, in any case, it is desirable that the moisture content in atmosphere is -20 degrees C or less of dew-points, and oxygen tension is 
1% or less. Generation of the lithium oxide which is an impurity when not filling the aforementioned conditions with a moisture content or 
oxygen tension, and a lithium hydroxide increases remarkably, and it is a book. 

[0031] Moreover, in an example, although LiCo02 was used as a positive active material at the time of cell production, even if it uses the 
various positive-active-material material for lithium secondary batteries including LiCol-XNiX02 (0<X<=1), LiMn02 and LiFe02, LiMn 
204, Mn02 and V205, Cr203, TiS2, and MoS2 grade, the same result can be obtained. However, when using the positive active material 
which contains the lithium from which it is desorbed at the time of charge including LiCol-XNiX02 (0<=X<=1), LiMn02 and LiFe02, 
and LiMn204 grade by the initial state, it is necessary to carry out a chemical conversion like the above-mentioned example. Moreover, 
although the 6 fluoride [ phosphoric-acid ] lithium was used as an electrolyte salt and the mixed solvent of ethylene carbonate and diethyl 
carbonate was used as a solvent of the electrolytic solution in the above-mentioned example also about the electrolyte Not as the thing 
limited to this but as an electrolyte salt, a lithium perchlorate, The electrolyte salt used for lithium secondary batteries including 4 fluoride 
lithium borate, a 6 fluoride [ phosphoric-acid ] lithium, and a trifluoromethane sulfonic -acid lithium As a solvent, ethylene carbonate, 
diethyl carbonate, propylene carbonate, Dimethoxyethane, gamma-butyrolactone, a dioxolane, a tetrahydrofuran, Or the same effect is 
expected even if it mixes and uses, independent in the solvents of non-proton nature used including lithium secondary batteries, such as a 
methyl tetrahydrofuran and dimethyl sulfoxide, - this as a lithium ion conductivity electrolyte The same effect is expected not only a liquid 
electrolyte but when a solid electrolyte is used. 

[0032] Furthermore, in the cell of not only a coin type but a cylindrical and a square shape, an effect is similarly acquired also about the 
form of a cell. Although the chemical conversion of the lithium content compound nitride which is a negative-electrode active material was 
carried out in the above-mentioned example also with the chemical conversion before cell production (** lithiation processing), the same 
effect is acquired even if it carries out the chemical conversion of the positive active material. Moreover, although the electrochemical 
chemical conversion using the electrochemical cell as the method of a chemical conversion was performed, the same result is expected 
even when the chemical chemical conversion using the oxidizer etc. is performed to any of a positive electrode and a negative electrode. 
However, when using the positive active material which does not contain a lithium by initial states including Mn02, V205, Cr203, TiS2, 
and MoS2 grade, it is not necessary to compound material of the above chemical conversions or a non-stoichiometric composition. 
[0033] 

[Effect of the Invention] According to this invention, the nonaqueous electrolyte lithium secondary battery of the high-energy density 
excellent in the elevated-temperature property can be obtained as mentioned above. 



[Translation done.] 
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y^-^^s (Li,N) t^C^^Mt^otV^ 
[0011] 

imi] 





Li/Co^yl/Jt 




1 


2. 95/0. 05 


Li 2 .95 Co 0.05 N 


2 


2. 9 /0. 1 


Li 2 .9Co 0 _ 1 K 


3 


2. 8 /0. 2 


Li 2.8 Co 0.2 K 


4 


2.7 /0.3 


Li 2.7 Co 0.3 N 


5 


2.6 /0.4 


Li 2 6 Co 0 .4N 


6 


2.5 /IK 5 


Li 2.5 Co 0.5 N 


7 


2. 4 /0. 6 


Li 2 . 4 Co 0 6 K 


8 


2. 3 /0. 7 


Li 2.3 Co 0.7** 


9 


2.2 /0.8 


Li 2.2 Co 0.8 N 


10 


2.1 /O.B 





[0 0 12] ^*0iJt LTifty^^A (L i , 

y^9^fc3^VWh3|»*S:«aScoS*i-A^ a*#H 

^:#f fc»»*fc#fco y ^ 9 * - ^ Mfc t-o V tt 
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2. 9 /0. 1 




13 


2. 8 /0. 2 




14 


2. 7 /0. 3 




15 


2. 6 /0. 4 


Li2.6Coo.4N 


IB 


• 2. 5 /O- 5 


Li 2.5C0 0 . s N 


17 


2. 4 /o. e 


Li 2.4 Co 0.6 K 


18 


2. S /0. 7 


Li 2 .3Co 0 .7 N 


19 


2. 2 /0. 8 


Li 2 2 Co 0 . 8 N 


20 


2.1 /0. 9 


Li2.iCo 0 9 N 
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IMMBBCiAh/g) 


2*f*A|fI(fflAh/*) 


Li 295 Coo.osN 


253 


227 




435 


394 


Li 2.8 Co 0.2 N 


621 


613 


Li 2# 7Co 0#3 N 


714 


710 


Li 2.6Co n A N 


751 


751 


Li 2.5 Co 0.5 N 


699 


695 , 


Li 2.4 Co 0.6 N 


561 


550 


Li 2.3 C °0.7N 


442 


428 


Li 2.2Co 08 N 


383 


357 


Li 2.1 Co 0.9 N 


212 


204 



30 



40 
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C fef^SS! Lfc;ft«K&«ft{t*ttK:iK y ^ 9 -Mb® 
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mm 
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SI(nAh) 


sst 30 mm 


fi(mAh) 






MH«i> 


Li 2.9 Co 0-1 N 


11.3 


10.6 


94 


11.2 


7.6 


68 




18.9 


18.3 


97 


18. 9 


14.0 


74 


Li 2 5C00.4K 


19.8 


19.4 


98 


19,7 


15.0 


76 




18.4 


17.7 


96 


IB. 3 


13.4 


73 


Ll 2 2 Co 0 8 N 


10.0 


9.4 


94 


9.9 


6.3 
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19.0 


98 
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75 
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19.0 
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98 
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98 
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98 
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14.0 
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